T h e n e w e ng l a n d j o u r na l o f m e dic i n e n engl j med 358;18 www.nejm.org may 1, 2008 1930 E ffective implementation of evidence-based health care practices remains a significant challenge. 1 In maternity hospitals, evidence-based interventions often are underused, whereas ineffective or harmful practices continue to be used. For example, in the United States and Latin America, active management of the third stage of labor, consisting of the administration of a prophylactic uterotonic such as oxytocin, controlled traction of the umbilical cord, and uterine massage, 2 is used in less than 15% of deliveries. [3] [4] [5] [6] [7] In contrast, rates of the use of episiotomy among primiparous women range from 40 to 92%. 8, 9 Active management of the third stage of labor prevents postpartum hemorrhage and is recommended as standard care. 2,10 Routine use of episiotomy is harmful to women's health, 11, 12 and selective use is recommended as standard care. 13 Use of evidence-based guidelines improves quality of care, the behavior of health care practitioners, and the health outcomes of patients. [14] [15] [16] [17] Effective dissemination and implementation strategies for these guidelines are needed. Passive approaches have limited effectiveness, 14-17 whereas multifaceted, active strategies for obstetrical care have yet to be evaluated. 1, 15, 18 We report a multifaceted intervention to facilitate the adoption of evidence-based practices in Latin American maternity hospitals. 19 Our clusterrandomized, controlled trial evaluated the behavior and attitudes of birth attendants with respect to two evidence-based recommendations for obstetrical practice: the selective use of episiotomy and active management of the third stage of labor. [10] [11] [12] Me thods
Study Design
The participating institutions and partners of the Global Network for Women's and Children's Health Research (listed in the Appendix) implemented the trial between September 2003 and December 2005. The trial was conducted in 19 public maternity hospitals in Argentina and Uruguay that had at least 1000 vaginal deliveries annually, no explicit policy for selective episiotomy or active management of the third stage of labor, and rates of episiotomy above 20% and rates of prophylactic use of oxytocin of 25% or less in women with single vaginal births.
The design was a cluster-randomized, controlled trial, with hospitals as the randomization unit. 20 One group of hospitals was assigned to receive a multifaceted behavioral intervention to develop and implement guidelines for the use of episiotomy and management of the third stage of labor. The control group of hospitals received no intervention. Data were collected during the following three intervals: a 3-month period before randomization (baseline), the last 3 months of the 18-month intervention (postintervention), and the 3 months beginning 1 year after the beginning of the postintervention interval (followup) (Fig. 1) .
A balanced randomization procedure 21 ensured that the intervention and control hospitals were balanced with respect to the rates of prophylactic use of oxytocin and episiotomy, the presence or absence of residency programs, the country and region where the hospital was located, and the annual number of births at the hospital. Of 184,756 possible ways of assigning hospitals to the intervention and control groups with acceptable balance, one sequence was randomly selected to determine the composition of the two groups.
To ensure that the personnel at all hospitals had similar knowledge at baseline, we conducted seminars before collecting baseline data to inform the providers about active management of the third stage of labor, the selective use of episiotomy, and use of the World Health Organization (WHO) Reproductive Health Library 22 as a source of evidence-based interventions.
Study Intervention
The intervention lasted for 18 months. Intervention strategies were chosen for their effectiveness in leading to a change in practice 14 and were based on behavioral-change theories. [23] [24] [25] Formative research with hospital administrators, birth attendants, and patients in nonparticipating regional hospitals similar to the study hospitals facilitated adaptation of the intervention to Latin American hospitals. 2 Teams of three to six birth attendants (physicians, residents, or midwives) were identified as opinion leaders by their peers at each intervention hospital with the use of a previously validated sociometric questionnaire. 26 Each team was trained in a 5-day workshop to develop and disseminate evidence-based guidelines on management of the third stage of labor and the use of episiotomy.
The workshops focused on critical evaluation of the medical literature, 27 development of clinicalpractice guidelines, 28 communication skills, and methods of conducting one-on-one academic detailing visits with hospital birth attendants to discuss their views regarding implementation of the intervention at the hospital. 29 After returning to their respective hospitals, the teams participated in 1-day workshops to develop their training skills. 30 The teams then disseminated the guidelines, trained and visited birth attendants, and developed reminders to be placed in labor and delivery wards, inside surgical packages for birth attendants, and on clinical records. The teams also produced monthly reports on rates of use of episiotomy and prophylactic oxytocin based on hospital clinical data. Regional coordinators met monthly with each team to assess completion of the activities. Each intervention hospital received a computer with intervention materials installed on it, copies of the guidelines, the WHO Reproductive Health Library, 22 and BMJ Clinical Evidence. 31 Details of the intervention are described in No intervention activities were conducted in the intervention hospitals during the follow-up period. After the end of the postintervention period, a closed, confidential, 2-hour meeting with selected representatives of the intervention and control hospitals was conducted to present the trial results.
During the intervention period, the control hospitals received no intervention other than standard in-service training. During the 1-year follow-up period, we offered the control hospitals all components of the intervention except the visits by the coordinators (see Table 1 of the Supplementary Appendix).
Measurement of Outcomes
The primary outcomes were the rates of prophylactic use of oxytocin (a single 10-IU injection during the third stage of labor) and of episiotomy in singleton vaginal deliveries. The other components of active management of the third stage of labor (traction on the umbilical cord and uterine massage) were not part of the primary outcome because of the difficulty of objectively measuring and verifying the performance of maneuvers in all vaginal deliveries. The secondary outcomes were the rate of use of perineal suturing, the rates of postpartum hemorrhage of 500 ml or more and 1000 ml or more, and the birth attendants' readiness to change their behavior regarding episioto- T h e n e w e ng l a n d j o u r na l o f m e dic i n e n engl j med 358;18 www.nejm.org may 1, 2008
1932 mies (i.e., to adopt prophylactic use of episiotomy) and active management of the third stage of labor. We also measured the prophylactic use of other uterotonic agents, such as ergonovine and prostaglandins. Clinical outcomes were assessed during the baseline and postintervention periods; only primary outcomes were assessed during the 1-year follow-up period. Data were collected with the use of a standard perinatal clinical record form that had been modified to include all study clinical variables. The amount of blood lost during the third stage of labor was determined by collecting blood in a transparent plastic drape designed for the trial and then measuring the amount of blood in a calibrated pitcher. Trained in-hospital data collectors performed daily data entry, validation, and transmission; data quality was periodically checked against information abstracted from hospital records, including information on use of medication.
Birth attendants' readiness to change was measured at baseline and during the last month of the intervention period. The birth attendants completed anonymous, self-administered questionnaires to describe their readiness to adopt or maintain active management of the third stage of labor or to adopt the selective use of episiotomy. 23 The questionnaires were collected in opaque envelopes and placed in sealed containers at each hospital.
Statistical Analysis
The sample size was based on the hospital as the unit of analysis. On the assumption of a rate of episiotomy of 42% at baseline, with a standard deviation of 15%, we needed 18 hospitals (9 intervention and 9 control) to identify a decrease in the episiotomy rate from 40% to 20% (with a twosided test at a 0.05 significance level and 80% power). 19 That sample size would provide a power of more than 95% to identify an increase in the rate of oxytocin use from 10% to 50% and a power of more than 80% to identify a reduction in the rate of postpartum hemorrhage of at least 500 ml from 15% to 8%. To allow for hospitals to drop out or to be excluded before randomization, we collected baseline data from 24 hospitals (Fig. 1) .
Analyses were performed according to the intention-to-treat principle, and no hospital was excluded from the analysis after it was assigned to the intervention or the control group. For variables measuring behavior (e.g., prophylactic use of oxytocin and episiotomy and the readiness to change behavior) and continuous variables (e.g., blood loss), the change in rate at outcome was calculated as the difference between the postintervention and the baseline rates. First, the rate of the event at each hospital at baseline and postintervention was calculated. Then the difference in the rates between the postintervention and the baseline periods was calculated for each hospital. The median of these differences for the intervention and control groups was determined as the median rate change. Finally, the difference between the median rate change for each treatment group was calculated as the intervention effect 32 and tested with the use of an exact Wilcoxon rank test to determine the 95% confidence interval. 33 To assess the effect at follow-up, we used the same statistical approach but calculated the change in rate as the difference between the rates at follow-up and at baseline for each hospital.
A similar strategy was used for dichotomous clinical outcomes (e.g., postpartum hemorrhage), but the ratio of the postintervention and baseline rates (instead of the difference between them) was calculated for each hospital. An exact nonparametric confidence interval and a P value were calculated for the ratio of the median rate ratios in the control and the intervention groups. 32 Rate differences instead of rate ratios were selected for behavioral outcomes, because rate ratios were not good measures of effect size owing to the large variability at baseline; for example, an increase in the use of a practice from 1% to 50% would correspond to a rate ratio of 50, whereas an increase from 5% to 50% would correspond to a rate ratio of 10. However, we reported the intervention effects for clinical outcomes as ratios, because these outcomes do not usually present such variability.
Because a restricted randomization procedure was used, a restricted randomization test was performed. 34, 35 The results were compared with those obtained with the nonparametric strategy programmed in Python programming language and R statistical software. 36, 37 Approval for the study was obtained from eight institutional review boards (listed in the Appendix). Because outcome data were routinely collected at hospitals and no personal identifiers were transmitted, all the institutional review boards waived the requirement for individual Of the 20 Argentinean and 4 Uruguayan hospitals, 19 met the inclusion criteria (17 in Argentina and 2 in Uruguay) (Fig. 1) . Ten hospitals were assigned to the intervention group and nine to the control group, and all completed the trial. The characteristics of the hospitals and delivery staff were similar in the two groups (Table 1) . Most of the hospitals had physician residency programs and midwives.
Baseline data were collected for 2963 vaginal births in the intervention hospitals and 2503 in the control hospitals. The groups were similar with respect to maternal characteristics, rates of prophylactic use of oxytocin and episiotomy, and the prevalence of low-birth-weight infants (Table 1). Baseline data were missing for less than 0.5% of births, except for data on postpartum hemorrhage, which were missing for 1.3% of births in intervention hospitals and 1.7% of births in control hospitals.
The readiness-to-change survey was administered to 593 birth attendants (304 at intervention hospitals and 289 at control hospitals) at baseline. The mean response rate was 89.3% in intervention hospitals and 82.6% in control hospitals. Data were missing in 3.2% of the questionnaires from intervention hospitals and 7.1% of those from control hospitals.
The workshop guidelines recommended active management of the third stage of labor (prophylactic use of oxytocin, traction on the umbilical cord, and uterine massage) in all vaginal births and selective episiotomy in spontaneous, uncomplicated, term vaginal births. Results of posttraining surveys showed that the opinion leaders were nearly unanimous in support of the recommendations. Compliance with the intervention was high (see Table 2 of the Supplementary Appendix).
The coordinators verified that intervention activities were not conducted at control hospitals during the intervention period. The control hospitals had no changes in policies regarding active management of the third stage of labor, prophylactic use of oxytocin, or episiotomy, except for one hospital at which the authorities independently adopted a policy of active management of the third stage of labor during the trial. No intervention activities were conducted at the intervention hospitals during the 1-year follow-up period. At each of six control hospitals, one guidelines workshop was conducted for two or three birth attendants selected by the department head, but no other intervention activities were conducted at any control hospital during this period.
Outcome Measures
During the postintervention period, data were collected on 2587 vaginal births in the intervention hospitals and 2366 in the control hospitals. Clinical data were missing for less than 0.5% of Infant's birth weight <2500 g -% 6.9±1.9 8.3±1.3
births, except for data on postpartum hemorrhage, which were missing for 3.7% of births in intervention hospitals and 1.0% of births in control hospitals. The rate of prophylactic use of oxytocin increased from 2.1% to 83.6% in the intervention hospitals (median rate change, 77.2%) ( Table 2) and from 2.6% to 12.3% in the control hospitals (median rate change, 9.8%). The size of the intervention effect, measured as the difference between the rate changes in the intervention and control groups, was 67.5% (95% confidence interval [CI], 38.9 to 87.1; P = 0.01). Nine of the 10 intervention hospitals increased their rate of prophylactic use of oxytocin by more than 50% (Fig.  2) . Only one of the nine control hospitals had a large change in the rate of prophylactic use of oxytocin; this hospital had independently adopted the use of prophylactic oxytocin. The rate of use of other uterotonic drugs was lower than 1% in the intervention and control groups in both datacollection periods.
The intervention was associated with a decrease in the median episiotomy rate in intervention hospitals from 41.1% at baseline to 29.9% at the end of the intervention; the rate was stable in control hospitals. The difference in rate change was −10.9% (95% CI, −16.1 to −5.8; P<0.001). The absolute changes in rates at each individual hospital are shown in Figure 2 . The effect on episiotomy rates was slightly larger in primiparous women than in multiparous women ( Table 2 ).
The intervention was associated with a statistically significant reduction in all postpartum hemorrhage indicators -the rate of postpartum hemorrhage of 500 ml or more, the rate of postpartum hemorrhage of 1000 ml or more, and the mean amount of postpartum blood loss (Table 3) . There was no evidence of an effect on other secondary outcome measures, although the study was not powered to exclude potentially important but rare clinical effects (Table 3) .
Readiness to change was measured after the end of the intervention in 617 birth attendants (324 in the intervention hospitals and 293 in the control hospitals); 90.5% of attendants in the intervention hospitals and 82.1% of attendants in the control hospitals responded to the questionnaire. Data were missing in 5.3% of the questionnaires from intervention hospitals and 2.1% of those from control hospitals. The intervention was associated with a statistically significant increase in the proportion of birth attendants in the "action" or "maintenance" stage for performing active management of the third stage of labor. In the intervention hospitals, the median rate of readiness to change increased from 14.4% to 55.9%, whereas the rates in the control hospitals remained stable. The absolute difference between the rate changes in the two groups was 38.4% (95% CI, 19.6 to 56.9; P<0.001). The increase in the stage of readiness to change was statistically significant for selective episiotomy: the median rates increased from 11.9% to 70.7% in the intervention hospitals and from 14.3% to 23.1% in the control hospitals, which represents an absolute difference of 34.5% between the rate changes (95% CI, 27.2 to 58.0; P<0.001).
During the 1-year follow-up period, data on the primary outcome were collected for 2114 vaginal births in the intervention hospitals and 2185 in the control hospitals. Data were missing for less than 0.2% of births. The median rate of prophylactic use of oxytocin remained high in the intervention hospitals and low in the control hospitals (73.3% and 7.1%, respectively) (Fig. 3) . The absolute difference in rate change as compared with the baseline period was 63.9% (95% CI, −3.8 to 80.0; P = 0.08). As in the postintervention period, 9 of the 10 intervention hospitals continued to use prophylactic oxytocin at a rate more than 50% higher than that at baseline. Only two control hospitals increased the rate of prophylactic use of oxytocin over the rate at baseline (Fig. 2) . A similar pattern was observed in the use of episiotomy: the median episiotomy rate at intervention hospitals remained low and the rate at control hospitals remained high (28.1% and 45.1%, respectively); the absolute difference in rate change was -8.7% (95% CI, −18.1 to −4.3; P = 0.004) (Fig. 3) . The absolute rate changes for hospitals are shown in Figure 2 . The results of the restricted randomization test were equivalent to the results of the Wilcoxon rank test (data not shown) for all outcomes except for prophylactic oxytocin use at follow-up (P = 0.02).
Dis cus sion
This randomized trial, conducted in Latin America, showed that a behavioral intervention can change health care practice. Our multifaceted in- tervention increased the adoption of evidencebased clinical-management guidelines and changed birth attendants' attitudes regarding active management of the third stage of labor and the use of episiotomy. Not only did the intervention result in an absolute increase of 68% in the prophylactic use of oxytocin during the third stage of labor and an absolute reduction of 11% in the use of episiotomy, but also these practices remained stable at the 1-year follow-up. The intervention also was associated with 45% and 70% relative reductions in the rates of mild and severe postpartum hemorrhage, respectively. Our results suggest that for every 1000 vaginal deliveries in which the intervention was applied, prophylactic oxytocin would be used in 675 more deliveries than in similar hospitals without intervention activities, which would prevent 100 mild and 13 severe postpartum hemorrhages and avert 109 episiotomies, as compared with routine practice in similar hospitals. The trial has several strengths. We used a rigorous experimental design and achieved similar groups by using balanced randomization. Careful monitoring of patient data resulted in minimal missing data. The statistical inferences are strong and were obtained with the use of statistical methods currently recommended for cluster-trial analysis. 35 The selected intervention strategies used the conceptual framework of diffusion theory, 23-25 were documented as effective in changing behavior, 14 and were tailored according to formative research. 3 Finally, the significant effect on readiness to change suggests that the intervention changed providers' attitudes and intentions instead of simply exerting an effect by a hierarchical directive.
We did not assess the effects of controlled traction on the umbilical cord and uterine massage (the other components of active management of the third stage of labor) because we could not measure these procedures reliably; however, prophylactic use of oxytocin is the only component of active management of the third stage of labor that is evidence-based. 40 Recommendations for controlled cord traction and uterine massage are based on expert opinion. 41 The intervention significantly increased the prophylactic use of oxytocin during the third stage of labor and moderately decreased the use of episiotomy, a common practice that is associated with substantial complications. This result suggests that adoption of a new practice (the prophylactic use of oxytocin) may be easier than elimination of a common practice (episiotomy).
For both practices, the effect sizes at followup 1 year after the end of the intervention were similar to those observed at the end of the intervention, but the effect on prophylactic use of oxytocin did not reach statistical significance. The decrease in episiotomy use remained stable, a result suggesting that the observed moderate reduction may be sustainable over time.
The results also highlight the effectiveness of active versus passive dissemination of information in changing the behavior of birth attendants. A recent cluster-randomized trial in Mexico and Thailand 18 found no change in the practices of birth attendants after they were given access to the WHO Reproductive Health Library. We agree with the conclusion expressed by the authors and in the accompanying editorial that access to knowledge alone is not sufficient to change health providers' behavior. 18, 42 During the follow-up period, control hospitals were offered the intervention (without coordinated support) at the discretion of the hospital authorities; however, most of the components were not implemented, and the rate of prophylactic use of oxytocin and the rate of episiotomy at control hospitals remained unchanged at followup. These observations suggest that implementation of a behavioral-change intervention is enhanced by active dissemination by means of a program that provides coordinated support to the hospitals.
Our findings are consistent with those of several other trials in developed and developing countries that have tested multifaceted interventions. 14,15 In the trial by Leviton et al. aiming to increase the use of antenatal corticosteroids in preterm labor, 43 local opinion leaders, grand rounds, chart reminders, group discussions, audit, and feedback were effective in changing birth attendants' behavior. Our results and those of Leviton et al. suggest that an intense, multifaceted program is necessary to achieve substantial change in obstetrical practices.
The trial results are likely to be readily transferable to public hospitals in Latin America and in the United States and other developed countries on the basis of their similarity to the results of Leviton et al. 43 Further research is needed to assess the intervention's cost-effectiveness and its generalizability to other geographic areas and cultures as well as to other types of clinical practice. In addition, further research could determine whether this intervention could be simplified without decreasing its effect. No potential conflict of interest relevant to this article was reported.
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